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Layers of ZnSe and ZnCdxSe (x ∼ 0.32−0.35) grown on GaAs (001) substrates by molecular beam epitaxy

method were investigated. The electron beam impact on changes in crystal structure of specimens under

examination and on their luminescent properties was studied. Methods of cathode luminescence, transmission

electron microscopy, and electron microprobe analysis were applied.

It is found that irradiation of specimens in the transmission electron microscope results in stacking faults annealing

accompanied by formation of ZnO precipitates with hexagonal crystal structure. Irradiation of specimens in the

cathode luminescence plant results in decreased intensity of cathode luminescence layers of ZnSe and ZnCdxSe in

question due to radiation-stimulated degradation processes.
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1. Introduction

ZnSe-based semiconductor lasers emitting in the blue-

green spectral range are demanded in many fields of science

and industry — television, lighting, optoelectronics, laser

navigation systems, high-quality color printing, etc. [1].

The main problem in producing injection blue-green

lasers is related to the difficulties in doping p-type wide-

band semiconductors A2B6 due to thermodynamic insta-

bility of the nitrogen acceptor [2], that results in quick

degradation of the laser diode and, hence, short service life

of the device.

Thus, an increased focus was put on the development

of alternative ways to produce laser generation which do

not require p−n-junction and ohmic contacts, specifically

on creation of A2B6/A3N blue-green laser converters [3,4])
and A2B6 electron beam pumped semiconductor lasers

(EBPSL) [5]. In recent research activities values of the

electron working energy required for their operation at

room temperature were decreased down to 4−10 keV, a

generation was obtained at record-low values of the electron

beam threshold current density — about 0.5A/cm2 [6],
and the use of laser assembly made it possible to obtain

radiation pulses with a power of more than 600W [7].
The possibility was demonstrated of EBPSL operation for

several hours without decrease in output power, and it was

shown that, in all likelihood, it is the quantity of faults in

the initial heterostructure that is the determining factor for

the service life of lasers [8]. Thus, the research of results

of electron beam impact on individual layers of ZnSe and

ZnCdSe, which are basic materials in laser heterostructures,

is important today.

This work reports the results of investigation of the layer

degradation process in ZnSe and ZnCdxSe (x ∼ 0.32−0.35)
with a layer thickness of ∼ 1mkm under irradiation by

electron beam. An estimate is made for the impact of the

degradation process on the luminescent properties of the

material.

2. Specimens and methods of study

Layers of ZnSe (� 688) and ZnCdSe (� 707 and � 713)
with cubic structure of zinc-blende (sphalerite) type were

produced by the method of molecular beam epitaxy (MBE)
on GaAs (001) substrates using a buffer layer of GaAs in

the double-chamber MBE setup (SemiTeq, Russia). The

films were examined using methods of local cathode lumi-

nescence (CL), transmission electron microscopy (TEM),
and electron microprobe analysis (EMA).
Structural perfection of the specimens was studied by

TEM method in the cross-section geometry in the bright

field mode using JEM-2100F (Jeol) and EM 420 (Philips)
electron microscopes. Specimens were prepared in the

geometry of cross section. The specimens were thinned

through etching by Ar+ ions. Then, the study of specimens

was composed of 3 stages.

1. Using the TEM method, in the cross-section geometry

images of initial specimens were recorded at low currents

(I = 1 nA) of the electron beam. The beam mode was

selected in such a way as to avoid visible changes in

properties of the layer under examination.

2. Then previously examined areas were additionally

irradiated in TEM by electron beam (with a beam current

of I = 25−100 nA), which resulted in specimen degradation
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Table 1. Results of film studies by EMA, CL and TEM methods

Thicknesses
Concentration Film composition, Position peak Position band peak,

Specimen
layers, nm

of observed defects obtained by method edge band associated with point

of stacking, cm−2 of PCMA (300K), eV defects (300K), eV

� 688 870 < 1 · 107 ZnSe 2.7 −

� 713 890 ∼ 2 · 108 Zn0.68Cd0.32Se 2.29
1.78

1.91

� 707 600 ∼ 4 · 108 Zn0.65Cd0.35Se 2.26 1.77

processes visible to the operator (emergence of inclusions,

change in quantity of stacking faults).
Specimens � 688 and 713 were irradiated in the

JEM-2100F (Jeol) microscope with the following param-

eters of the electron beam: current — 100 nA, energy —
100 keV, beam radius — 1mkm. Specimen � 707 was

irradiated in the EM 420 (Philips) microscope with the

following irradiation mode: energy of electrons — 200 keV,

current — 25 nA, beam radius — 1mkm.

3. Then TEM-images were recorded for the irradiated

areas at low currents of the electron beam (I = 1 nA).
Cathode luminescence studies and electron microprobe

analysis of specimens were carried out using CAMEBAX

electron microprobe analyzer by Cameca equipped with

four X-ray spectrometers and optical spectrometers of

original design [9]. This device allows recording of CL

spectra and measuring composition of the material in an

area of ∼ 1mkm.

CL-studies of specimen properties were conducted

at both room temperature (300K) and liquid nitro-

gen temperature (77K), with the following characteris-

tics of electron beam: energy of electrons — 10 keV,

electron beam current — 100 nA, electron beam ra-

dius — 2mkm. CL-spectra of the irradiated area were

recorded at 4−5min intervals with a total specimen ir-

radiation time of 20min, while spectrum recording time

was 2min.

Composition of both the initial specimens and the

specimens irradiated by electron beam was measured

by EMA method with an electron energy of 10 keV, a

specimen current of 15 nA, and an electron beam radius

of 2mkm. ZnSe and CdSe films were used as references.

The depth of electron beam penetration for ZnSe/GaAs

and ZnCdSe/GaAs structures at an electron energy of

10 keV was not greater than thickness of the films under

examination.

3. Experimental results and discussion

3.1. Study of the initial films

Fig. 1 shows CL-spectra of specimens � 688, 713 and

707 recorded at room temperature within the first two

1.5 2.0 2.5 3.0

c
N707

C
L

in
te

n
si

ty
, 
ar

b
.u

n
it

s

Energy, eV

a

N688

b

N713

T = 300 K
E = 10 keV

Figure 1. Spectra of CL-specimens recorded within the first two

minutes of irradiation by electron beam in semi-log scale: a) ZnSe

� 688, b) ZnCdSe � 713 and c) ZnCdSe � 707.

minutes of electron beam irradiation. It should be noted

that there were no any significant changes in CL-spectra

observed within this interval of time.

In the CL-spectra (Fig. 1) bands of intrinsic edge

luminescence of films are observed (hereinafter referred

to as
”
edge bands“) with peaks in the region of 2.7 eV

(� 688), 2.29 eV (� 713) and 2.26 eV (� 707). Along

with these bands, in specimens � 713 and 707 bands

related to luminescence of point defects are observed

(hereinafter referred to as
”
wide bands“) in the range

from 1.5 to 2 eV. The position of peak of this band

in the CL-spectrum of specimen � 707 was observed

in the region of 1.83 eV. Specimen � 713 had a wide

band in the form of doublet with two peaks at 1.78

and 1.91 eV, which is considerably different from the

spectrum of specimen � 707. In literature these bands are

associated with complexes of point defects with involvement

of vacancies [10], which corresponds to the transition of

donor — double-charge vacancy of zinc (D-VZn−2), which

is described in [11].
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Figure 2. TEM-images before irradiation of specimens: a) — � 688, b) — � 713, c) — � 707; TEM-images of specimens after

irradiation by electron beam: d) — � 688, e) — � 713, f) — � 707. The images were recorded with an electron beam energy of

100 keV for specimens � 688 and � 713 and 200 keV for specimen � 707, current density in both cases was about I ∼ 1 nA.

Fig. 2, a, b, shows bright field images of initial specimens

recorded by TEM method in the geometry of cross-section.

These images were used to estimate concentrations of

observed stacking faults and determine thickness of the films

under examination. Results of these studies are presented

in Table 1.

TEM-image of specimen � 688 is shown in Fig. 2, a.

Concentration of observed stacking faults is less than

1 · 107 cm−2. At the same time an array of dark inclusions

is observed with a contrast typical for small precipitates,

which do not affect the pattern of electron diffraction in

Fig. 3, a. In the microdiffraction pattern there are clearly

visible diffraction reflections corresponding only to ZnSe

compound.

In the image in cross section geometry of specimens

� 713 and 707 there are clearly visible stacking faults

(Fig. 2, b, c), incipient at the ZnSe/GaAs heterovalent

interface. Concentration of observed staking faults is

∼ 2 · 108 and ∼ 4 · 108 cm−2, respectively. Composition

of ZnCdSe layers was determined by EMA method

in randomly selected 5−10 points. The studies have

shown that the films are homogenous in terms of their

composition.

3.2. Irradiation by electron beam with an energy

of 100 and 200 keV

Fig. 2 shows bright field TEM-images recorded in the

same range for the specimens before irradiation by electron

beam (Fig. 2, a, b, c) and after irradiation (Fig. 2, d, e) by

electron beam with an energy of 100 keV (� 688, 713) and

200 keV (� 707).
After irradiation of specimen � 688 the TEM-image

shows large inclusions (Fig. 2, d) than those visible before

the irradiation (Fig. 2, a). Comparing the images of initial

(Fig. 2, b, c) and irradiated (Fig. 2, e, f) specimens � 713

and 707, it can be seen that after the irradiation the

contrast associated with stacking faults disappears and

dark inclusions — precipitates — appear. According to

the microdiffraction data, the precipitates emerging in all

specimens after irradiation, are ZnO hexagonal inclusions

(Fig. 3, b).
Also, after the irradiation bright inclusions have emerged

in all specimens with a contrast typical for pores.

Thus, the irradiation of specimens in the conditions of

high power density of the electron beam with energies of

100 and 200 keV resulted in reduced number of stacking

faults in the epitaxial layers. At the same time, this process

Physics of the Solid State, 2022, Vol. 64, No. 2
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Figure 3. a) microdiffraction of specimen � 688 area before the

irradiation in TEM, b) microdiffraction of the irradiated area of

specimen � 688.

is accompanied by formation of pores and hexagonal

precipitates of zinc oxide in the layers under examination.

3.3. Irradiation by electron beam with an energy
of 10 kev

Fig. 4 shows CL-spectra of all specimens recorded

during irradiation at high currents of the electron beam:

I = 100 nA. In the process of irradiation at room tem-

perature CL intensity has decreased significantly in all

specimens. Also, it’s worth to note that in the process

of irradiation the composition of specimens remained
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Figure 4. CL-spectra recorded in the process of electron beam irradiation of specimens a) ZnSe � 688, b) ZnCdSe � 707 and

c) ZnCdSe � 713 at a temperature of T = 300K. Time of the specimen irradiation (0, 10, 20min) is specified in the figure.

unchanged at the determination accuracy of ±1% rel., i. e.

no evaporation of Se was observed.

The reduced CL intensity may be related to both the

process of film degradation and the growth of contamination

hydrocarbon film similar to that examined in [12]. The

method of atomic force microscopy was used to measure

thickness of the contamination film formed on the specimen

after 20min of electron beam irradiation. Mean thickness

of the film was ∼ 50 nm. According to [13], a film of

this thickness has radiation absorption strength ∼ 30% of

the intensity at 2.7 eV, ∼ 20% at 2.25 eV, and ∼ 10% at

1.84 eV. In our case it means that absorption in the range of

edge bands is not more than 30% of total intensity, and the

absorption the range of wide bands is not more than 10%.

Therefore, it can be assumed that the observed decrease in

CL intensity is related not only with the contamination film

formation.

As can be seen in Fig. 4, a significant change in the

shape of the wide band is observed under irradiation

of the specimen � 713 at room temperature. In the

process of electron beam irradiation, in the CL-spectrum of

specimen � 713 the doublet with two peaks is transformed

into one wide band with a peak of 1.85 eV (Fig. 5).
For specimen � 713 reflection spectra were recorded,

which were further recalculated to absorption spectra

(Fig. 5). In the spectrum, interference oscillations typical

for Zn0.68Cd0.32Se film with a thickness of 1mkm were

observed. It can be seen in Fig. 5 that the peak of the

wide band of specimen � 713 in the CL spectrum and

6 Physics of the Solid State, 2022, Vol. 64, No. 2
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Figure 5. a) CL--spectrum of specimen � 713 without pre-

irradiation, b) CL--spectrum of specimen � 713 after 20min of

irradiation and c) absorption spectrum of specimen � 713.

one of absorption peaks in the region of 1.85 eV coincide

with each other. Therefore, the change in shape of the

wide band in spectra is probably related to the leveling out

of the interference absorption as a result of electron beam

irradiation.

In Fig. 6 the intensities of CL bands are shown as

functions of electron beam irradiation times.

Fig. 6, a demonstrates that in CL studies within 20min

of irradiation by electron beam the intensity of edge bands
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Figure 7. CL-spectra recorded in the process of electron beam irradiation of specimens a) ZnSe � 688, b) ZnCdSe � 713 and

c) ZnCdSe � 707 at a temperature of 77K. Time of specimen irradiation before the start of recording of the corresponding spectrum is

specified in the figure.
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Figure 6. Intensities of CL bands as functions of electron beam

irradiation times at a temperature of T = 300K. a) change in the

intensity of edge band luminescence, b) change in the intensity of

wide band luminescence. Number of the specimen is specified in

the figure.

radiation decreases by more than 50% for all specimens.

CL intensity of wide bands (Fig. 6, b) decreases slower than
the intensity of edge bands. To determine the nature of the

wide band CL intensity decrease process, the change in their

CL intensity depending on time (decay time) was measured

before and after irradiation by electron beam (Table 2).
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Table 2. Decay time of wide bands before and after irradiation

by electron beam

Specimen
Decay time

of wide band,mks

� 713
before irradiation 3.6

after irradiation 4.1

� 707
before irradiation 3.3

after irradiation 4.3

To determine the impact of temperature on the processes

of defects formation, the electron beam irradiation was

conducted with simultaneous recording of CL spectra also

at a temperature of 77K, as shown in Fig. 7. In CL spectra

of all specimen recorded at 77K, a temperature shift of

the edge band by 0.8 eV relative to the band position at

T = 300K was observed, which was related to the known

effect in semiconductors — an increase in energy-gap width

at specimen cooling, which is consistent with literature

data [16]. The ratio of wide band intensity to edge band

intensity at 77K increased in all specimens. Also, at

77K a wide band in the spectrum of specimen � 688 is

manifested. The irradiation was conducted at the same

parameters of electron beam as in the experiment at room

temperature. At the same time, it should be noted that

shape and intensity of CL spectra of all specimens remained

unchanged at the irradiation for 20min. Absence of changes

in the spectra at a temperature of 77K can be explained by

the fact that probability of defects formation as a result of

the irradiation decreases with decrease in temperature [17].

4. Discussion of results.
Processes in specimens under
the impact of electron beam

The degradation of the specimen irradiated by electron

beam can take place due to radiation-stimulated processes

or as a result of local heating of the specimen due to

electron braking in the material [1]. These two degradation

mechanisms are worth to be considered separately.

4.1. Local heating of the specimen by electron

beam

To compare the local radiation heating during the in-

vestigations using TEM and CL methods, the heating of

irradiated microvolume of ZnSe was estimated theoretically.

The estimate was made for the maximum used current of

the electron beam during irradiation. When calculating

the temperature of heating, it was assumed that 100%

of the electron beam energy lost in the specimen is

converted into heat. This assumption makes it possible

to calculate maximum possible temperature of the local

radiation heating.

With irradiation in the CL-setup (the length of electron

penetration into the specimen is less than thickness of the

specimen under examination), the shape of heat generation

area was approximated by a semi-ellipsoid (Fig. 8, a), where

semiaxes were the radius of electron beam b and the depth

of penetration of electron beam into the specimen in several

places — a . The depth of electron beam penetration was

modelled in Casino v.2.4.8.1 software package. With an

electron beam accelerating voltage of 10 keV, the depth of

penetration into ZnSe is ∼ 400 nm.

According to [18], the maximum temperature of heating

of the specimen microvolume when generating heat in an

oblate ellipsoid of rotation (a < b) can be estimated by the

following formula

Tmax =
q0(a, b)

2k
ab2

√

(b2 − a2)
arct

(

a
√

(b2 − a2)

)

,

where q0(a, b) — energy lost in unit volume of the

specimen and k — thermal conductivity coefficient of ZnSe,

b — radius of electron beam, a — depth of electron beam

penetration into the specimen.

With irradiation in the TEM (the length of electron

penetration into the specimen is considerably greater than

thickness of the layer under examination) the shape of heat

generation area was approximated by a cylinder (Fig. 8, b)
with a radius equal to that of the electron beam b. Height
of the cylinder was taken equal to mean thickness of the

thinned specimen a (100 nm). The portion of the energy

lost in the ZnSe layer with a thickness of 100 nm was

modelled in the Casino v.2.4.8.1 software package.

In this case the temperature of specimen microvolume

heating is calculated by the following formula [19]:

Tmax =
q0(a, b)

4k
b2
,

where q0(a, b) — energy lost in unit volume of the

specimen and k — thermal conductivity coefficient of ZnSe,

b — radius of electron beam.

Results of heating temperature calculation and conditions

of the irradiation are given in Table 3.

Electron beam Electron beam

a

b b

a

a b

Figure 8. The area of electron beam interaction with the bulk

specimen in a CL (a) setup and with the thinned specimen in a

TEM-setup (b). Where a — depth of electron beam penetration

into the specimen, b — radius of the electron beam.
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Table 3. The calculated temperature of ZnSe heating at various

irradiation modes

Method of investigation CL TEM TEM

Electron beam energy E, keV 10 100 200

Specimen current I, nA 100 100 25

Electron beam energyb, mkm 2 1 1

Depth of penetration
400 100 100

of electron beam into the specimen a , nm

Tmax, K 5 26 5

In the case of ZnCdSe triple compound with cubic

structure, it is difficult to calculate theoretically the heating

temperature, because there are no values of thermal

conductivity in literature for this compound. It is known

from literature, that due to disorder of the system, thermal

conductivity of Ax B1−xC three-component compounds as a

rule is several times less than the thermal conductivity of AC
or BC two-component compounds [20]. Thus, the heating

of ZnCdSe films can be several times bigger than that of

ZnSe at the same conditions of the irradiation. Accordingly,

the temperature of ZnCdSe heating must be more than

200◦C during irradiation in the TEM setup and more than

50◦C during irradiation in the CL setup. This heating is

not enough to change structure of the material, because

compounds based on ZnSe and ZnCdSe possess thermal

stability at temperatures up to 400−600◦C [21,22].

Thus, the local heating of specimens by electron beam

can not explain all the effects observed in this work.

4.2. Radiation impact at elastic and nonelastic

interaction of electron beam with specimen

Let us consider the issue of radiation damages at elastic

scattering of electrons on atoms of the material. Formation

of radiation defects — Frenkel pairs in an ideal crystal lattice

under impact of an electron beam as a rule has a threshold

nature. The energy of Frenkel pair formation in a ZnSe

crystal is 7.6 eV for the cation sublattice (Zn) and 8.2 eV

for the anion sublattice (Se) [1]. Maximum energy that can

be transferred from an electron to atom of the substance at

elastic scattering is defined by the following formula:

Emax =
2E1(E1 + 2m0c2)

Mc2
, (1)

where E1 — energy of the primary electron beam, m0 —
electron mass, M — mass of the atom on which the electron

is scattered, c — speed of light.

The electron energy calculated by formula (1), which is

necessary to shift a Zn atom into an interstice must exceed

190 keV, and the electron energy to shift a Se atom into an

interstice must exceed 240 keV. It is worth to note that the

presence of defects in the crystal may result in decrease in

the energy of radiation defects formation.

Since cadmium has sufficiently large atomic weight, its

participation in the process of defect formation under elastic

interaction of the electron beam with the specimen can be

neglected.

With nonelastic interaction of the electron beam with

the specimen, radiation damages of semiconductor material

arise due to ionization of the atom by electrons [23]. At the

moment of atom ionization the probability of this atom

shift from its site to an interstice under the action of

thermal oscillations increases significantly due to weakening

of exchange couplings and decreased potential barrier.

In [23] it is said that radiation disturbances in semiconductor

materials due to ionization of atoms may take place under

exposure to an electron beam with an energy of a few keV

or more.

Thus, in the case of irradiation by electron beam in the

TEM-setup at an energy of 200 keV, radiation damages will

be observed being related to both elastic and nonelastic

scattering of the electron beam on atoms of the specimen,

and in the case of irradiation by electron beam in the

CL-setup at an energy of 10 keV, the most likely prevailing

will be the radiation damages observed at nonelastic

interaction of the electron beam with the semiconductor

material.

5. Discussion of results of electron beam
irradiation with an energy of
100 and 200kev in the TEM-setup

The irradiation results in formation of radiation defects in

the cation sublattice (Zn). The consequence of this is the

formation of pores and precipitates of ZnO in the irradiated

material.

The formation of pores is most probably takes place

due to zinc vacancies migration and clustering [1]. The

formation of hexagonal precipitates of ZnO takes place as a

result of interaction of the interstice zinc with oxygen. The

presence of oxygen in specimens is probably related to the

process of sample preparation (the specimens are thinned

by ion etching in the air).

The processes taking place under irradiation by electron

beam with an energy of 100 keV are not qualitatively

different from those with an energy of 200 keV. Although

the energy of 100 keV is not sufficient to form radiation

defects in the crystal lattice of ZnSe under elastic interaction

of the electron beam with the specimen, this fact can

be explained be the existence of defects formed in the

process of growth. This results in distortion of crystal

lattice and decrease in the energy required to form radiation

defects, which makes the irradiation energy of 100 keV also

sufficient to form the observed structural changes.

Physics of the Solid State, 2022, Vol. 64, No. 2
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6. Discussion of results of electron beam
irradiation with an energy of 10kev in
the CL-setup

The change in cathode luminescence characteristics (de-
crease in the intensity of cathode luminescence, increase in

decay times of wide bands) takes place under irradiation

by electron beam with an energy of 10 keV at room

temperature only. Absence of changes in the spectra at

a temperature of 77K can be explained by the fact that

probability of radiation defects formation decreases with

decrease in temperature. Thus, the probability of atoms

shift from a lattice site into an interstice in the material

under impact of thermal oscillations depends directly on

the temperature [12].
The observed decrease in the intensity of edge lumines-

cence at room temperature (Fig. 6, a) can be related to

the emergence of point defects or their conglomerates, that

act as centers of radiationless recombination [14]. This is

confirmed by the fact that the most quick intensity drop is

observed in the specimens with initially large number of

stacking faults affecting the speed of defect formation when

the specimen is irradiated by the electron beam.

The intensity of wide bands associated with zinc vacan-

cies drops slower than the intensity of edge bands (Fig. 6, b).
The decrease in intensity of these bands can be explained by

both the decrease in concentration of luminescence centers

and the formation of additional centers of radiationless

recombination. To determine the nature of this process,

decay times of radiation wide bands were measured before

and after the irradiation by electron beam (Table 2).
The increase in decay time as a result of electron beam

irradiation gives evidence of decrease in the number of

intrinsic defects that are centers of luminescence. Using the

procedure described in [11], the change in concentrations

of these centers of luminescence was calculated. The

relationship for the content of centers of luminescence can

be defined as follows:

N1

N2

=
I
1τ

−1

1

I
2τ

−1

2

,

where N — content of luminescent centers, I — intensity of

luminescence, τ — decay time of the correspondent band.

The calculation has shown that the concentration of

radiating centers after irradiation decreases significantly: in

specimen � 707 — by 2.6 times, in specimen � 713 — by

1.7 times. The decrease in concentration of luminescence

centers gives evidence of radiation-stimulated annealing or

transformation of luminescent centers into defects, which

results in decrease in intensity of wide band luminescence.

A similar calculation was performed for specimen � 688,

because this specimen had no wide band observed at room

temperature. Perhaps the electron beam irradiation leads to

formation of conglomerates of zinc vacancies, which results

in change in their energy position within the band and,

hence, to decrease in concentration of luminescent centers.

Thus, the decrease in intensity of edge luminescence

band takes place due to the emergence of radiationless

recombination centers. And the decrease in intensity of wide

bands can be explained by the decrease in concentration

(transformation or annealing) of luminescence centers.

7. Conclusion

With the irradiation of specimens in the transmission elec-

tron microscope annealing of stacking faults was observed

together with formation of ZnO precipitates with hexagonal

crystal structure and emergence of pores. The formation

of ZnO precipitates and pores is related to the extensive

formation of zinc vacancies. No selenium evaporation or

clustering was observed. It is shown that processes taking

place under irradiation by electron beam with an energy of

100 keV are not qualitatively different from those with an

energy of 200 keV.

When investigating the impact of irradiation on the

luminescent properties of structures, it was shown that the

processes of CL intensity decrease are only observed at

room temperature and are irreversible. The decrease in

CL intensity of bands in spectra is resulted from radiation-

stimulated processes of defect formation. The decrease in

intensity of edge luminescence band takes place due to

the formation of radiationless recombination centers and

the increase in the portion of radiationless transitions.

The decrease in wide band intensity is related to the

decrease in content of luminescence centers associated with

zinc vacancies. Perhaps the process of transformation or

annealing of luminescent centers is observed.
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